ate Cox regression models were analyzed. Results: After radiotherapy, median OS, FFLP, and FFDP were 18.7, 22.6, and 24.3 months, respectively. There was no significant difference in OS or FFLP between patients who received EDR to portions of the GTV and patients who did not.
| INTRODUCTION
Extrahepatic cholangiocarcinoma (EHCC) is a rare and lethal malignancy that originates from the epithelial cells of the extrahepatic bile ducts. EHCC can be further divided according to its location into perihilar and distal types. According to a Surveillance, Epidemiology, and End Results (SEER) review from 1975 to 2013, the incidence is 1.9 cases per 100 000 people, 1 and the incidence appears to be increasing. Overall, the prognosis of EHCC is poor, with a 5-year survival rate of 16.9%. 1 Currently, complete surgical resection is the only potentially curative treatment for anatomically resectable tumors, but most patients present with unresectable locally advanced or metastatic disease due to late presentation and nonspecific symptoms. [2] [3] [4] Resectability is determined by local extent of the tumor including vascular involvement, estimated magnitude of pancreatic or liver resection, and metastatic disease. 5 Effective treatment options for these patients are needed. The Southwest Oncology Group 0809 study demonstrated an encouraging median survival of 35 months for 79 patients with resected EHCC (68% of patients) or gallbladder cancer (32% of patients) who received adjuvant capecitabine/ gemcitabine followed by chemoradiation. 6 The role of adjuvant capecitabine has also been recently investigated in the BILCAP study. 7 In patients with locally advanced disease, the data are sparse. In unresectable nonmetastatic EHCC, radiation therapy (RT) with or without concurrent chemotherapy has been the treatment of choice as it has an important role in controlling local disease progression, 8 which is a major cause of treatment failure in these patients. 9 Studies have also reported improved survival with radiation treatment in unresectable EHCC with different intents. [10] [11] [12] [13] In a series of 52 patients with locally advanced EHCC treated at our institution, we previously identified the limitations of conventional doses of radiotherapy in this disease and suggested that a possible way to overcome that would be escalated dose radiotherapy (EDR). 14 After that analysis, we have selectively escalated the radiation dose to levels that would be considered definitive in other solid tumors while incorporating new technologies such as intensity-modulated RT, image guidance, and respiratory motion control as they emerged. Given the rarity of this malignancy, evidence that definitive doses of RT lead to long-term survival in these patients is lacking, and a clear dose-response relationship has not been established.
Within this context, we reviewed our experience with patients with unresectable EHCC who were treated with radiotherapy with or without concurrent chemotherapy, looking for evidence of long-term local tumor control, and overall survival. Exploratory analysis was also carried out to identify any other clinical factors that were predictive of clinical outcome.
| PATIENTS AND METHODS

| Patients
After institutional review board approval of this retrospective study (PA14-0646), we identified a consecutive series of 89 patients with unresectable EHCC who received radiotherapy at The University of Texas MD Anderson Cancer Center from 2001 to 2015. Of these, we excluded nine patients who were diagnosed with metastatic disease before treatment. Disease was identified as unresectable based on radiographic or intraoperative findings of main portal vein involvement, nodal metastasis, involvement of secondary biliary radicals, insufficient liver remnant volume, or medical inoperability. Most patients (61 of 80) had their disease confirmed with pathologic examination, all other patients (19 of 80) were diagnosed based on classic presentation on radiologic imaging or endoscopic retrograde cholangiopancreatography. Sixty-two patients (77.5%) had perihilar EHCC and eighteen patients (22.5%) had distal EHCC. Staging was according to American Joint Committee on Cancer 7th edition. 15 
| Treatment
At our institution, we have routinely treated locally advanced EHCC with external beam RT usually if there is lack of metastatic progression after at least several months of systemic chemotherapy. RT was delivered by 3D conformal technique, intensity-modulated radiation therapy (IMRT), or passive scatter proton beam technique. EDR (defined as delivery of higher than 50.4 Gy in 28 fractions [biological equivalent dose (BED) >59.5 Gy assuming α/β of 10 Gy for tumor 16 ]) was delivered in patients using a combination of technologies that enabled higher doses to portions of the gross tumor volume (GTV) that was away from bowel ( Figure 1 respiratory motion management. Breath-hold technique was used in 13 patients, and CT on rails or cone beam CT image guidance was used in 16 patients. Even with the use of these technologies, bowel dose constraints limited the coverage of the GTV in the EDR group (maximal RT dose coverage ranged from 38% to 100% of the GTV). Based on physician preference, most patients received concurrent chemotherapy with radiotherapy (n = 69). The majority were capecitabine-based (62 of 69). Two of these patients had their capecitabine held during the first 2 weeks due to abdominal pain and nausea in one patient and clostridium difficile enterocolitis in the other.
Other patients received 5-fluorouracil (n = 6) or gemcitabine (n = 1). Twenty-three patients received induction chemotherapy before RT, and 34 patients received chemotherapy after RT. None of the patients underwent oncologic resection. Treatment characteristics are detailed in 
| Statistical analysis
We statistically analyzed patient demographics, tumor variables, treatment variables, acute and late toxicity, freedom from local progression (FFLP), freedom from distant progression (FFDP), and overall survival (OS). Causes of death were also analyzed. Statistical analysis was performed using JMP pro 12 (SAS, North Carolina, USA). The Kaplan-Meier method was used to estimate FFLP, FFDP, and OS, and compared using log-rank test with 95% confidence intervals. FFLP was defined as the time between date of RT start and date of radiological local progression or first sign of clinical local progression. FFDP was defined as the time between date of RT start and date of first radiological evidence of hepatic or extrahepatic metastasis. OS was defined as the time between start of radiotherapy date and the date of death or last followup. Differences in event rates between groups were calculated using log-rank test. The association of each variable with OS, FFLP, and FFDP was derived from a Cox proportional hazards model. All tests were two-sided, and P value ≤0.05 was considered statistically significant.
| RESULTS
A total of eighty patients received RT for nonmetastatic unresectable EHCC during the period between 2001 and 2015. There were no significant differences in patient demographics between patients with perihilar cholangiocarcinoma and those with distal cholangiocarcinoma. Median age for all patients was 68.5 years (range, 30-87 years). 59% were male and 76% were Caucasian. Detailed patient characteristics in perihilar and distal cholangiocarcinoma are listed in Table 1 .
| Radiation dose and outcomes
Median RT dose was 50.4 Gy (range, 30-75 Gy), and median treatment duration was 37 days (range, 13-64 days). Median BED was 59.5. 37 patients received RT doses higher than 50.4 Gy. Doses of RT used from 2001 to 2015 in this cohort of patients are described in Figure S1 . Characteristics of patients who received RT doses more than 50.4 Gy vs those who received doses less than or equal to 50.4 Gy are described in Table 2 . EDR (>50.4 Gy) to portions of the GTV away from bowel did not significantly affect OS or FFLP in all patients (P = 0.4 and P = 0.4, respectively; Figure 2C ,D). It also did not significantly affect OS or FFLP in either the perihilar or the distal EHCC cohorts. Other cutoffs of the radiation dose also did not significantly affect OS or FFLP (data not shown). Analysis revealed no significant differences in OS or FFLP between 3D conformal RT and IMRT. Also, there was no significant difference in OS or FFLP between patients who were treated with RT alone and patients who were treated with chemoradiation therapy (Table S1 ). distal EHCC tumors (median OS = 27.1 months) (log-rank, P = 0.007). Predictors of OS in univariate survival analysis were baseline neutrophil/lymphocyte ratio (NLR as a continuous variable, P = 0.04), normalized baseline CA19-9 (as a continuous variable, P = 0.0007), local progression on chemotherapy prior to RT (P = 0.02), portal vein involvement (P = 0.04), GTV (P = 0.002), overall stage (P = 0.002), and ECOG performance status (P = 0.008; Table S1 ). In multivariate survival analysis, higher GTV, age, and ECOG performance status were independently associated with shorter OS (Table 3) . We classified long-term and short-term survivors with a cutoff of 36 months, and we then defined NLR cutoff of 5.3 using receiver operating characteristics curve analysis. OS was significantly longer in patients with NLR ≤5.3 in comparison with patients with NLR >5.3 in univariate analysis (log-rank test, P = 0.002, Figure S3A ). Of the 61 patients who died, 27 died of biliary or liver complications from the primary tumor. This included cholangitis (n = 7), biliary obstruction (n = 6), liver failure (n = 3), portal vein occlusion (n = 2), and combined causes of two or more of the previous (n = 9). Twelve patients died from complications of metastatic disease. Five patients died of organ failure which included renal failure (n = 3), cardiac failure (n = 1), and multi-organ failure (n = 1). Seventeen patients had an unknown cause of death ( Figure 2F ).
| Local progression
Local progression was diagnosed in 28 patients after the completion of RT. Median time of FFLP was 22.6 months ( Figure 2B ). Local progression on chemotherapy prior to RT was associated with worse FFLP in univariate analysis (Table S1 ). Local progression on chemotherapy prior to RT was independently associated with worse FFLP in multivariate analysis (Table 3 ). The main sites of local progression were the liver hilum (n = 11) in perihilar EHCC and the common bile duct (n = 4) in distal EHCC. FFLP was also significantly longer in patients with NLR ≤5.3 in comparison with patients with NLR >5.3 in univariate analysis (log-rank, P = 0.006, Figure S3B ) and in multivariate analysis (Table  S2 ). There was no significant difference in FFLP between IMRT and other techniques (log-rank, P = 0.8).
| Distant progression
Overall, 32 patients developed distant metastasis in one or more sites after RT. The main sites of distant metastasis were the peritoneum (n = 15), the liver (n = 13), and the lung (n = 13). Median time of FFDP was 24.3 months ( Figure S2 ). Higher baseline NLR, perihilar site of EHCC, not using concurrent chemotherapy, and radiation dose >50.4 Gy were associated with worse FFDP in univariate analysis (Table S1 ).
Baseline NLR demonstrated a trend of being independently associated with FFDP as a continuous variable (Table 3) . FFDP was significantly longer in patients with NLR ≤5.3 in comparison with patients with NLR >5.3 in univariate analysis (log-rank, P = 0.0005, Figure S3C ) and multivariate analysis (Table S2 ).
| Toxicity
RT alone and chemoradiation therapy (CRT) were generally well tolerated. The rate of severe acute gastrointestinal (GI) toxicity (Grade 3+) was 11% in all patients. In RT doses higher than 50.4 Gy, grade 3+ GI toxicities were 3.7% for IMRT (1/27 patients), while for the other two techniques used they were 33% (3/10 patients, P = 0.03) ( Figure 2E ). The rate of severe (Grade 3+) acute other toxicities (excluding hematological toxicities) was 15% in all patients. Grades of most common acute toxicities during RT/CRT and late effects are listed in Table 4 for all patients and by dose of RT. In general, higher RT doses were not associated with higher grade toxicities (excluding hematological toxicities) (P = 0.8). However, grade 3+ lymphopenia during treatment was correlated with RT doses higher than 50.4 Gy (Fisher's exact, P = 0.053). This could also be chemotherapy-related toxicity as most of the patients received concurrent chemotherapy. Twenty-six patients were hospitalized within 90 days of RT completion, of whom 10 were hospitalized due to therapy-related biliary complications (mainly cholangitis) and six were hospitalized due to GI bleeding. 28% late toxicity was recorded consisting of ascites (30 patients) and GI bleeding (11 patients). 50% of patients who developed ascites required management.
| DISCUSSION
The purpose of this analysis was to evaluate the effect of selective RT dose escalation to portions of the GTV away from bowel in patients with unresectable EHCC. Escalated dose of radiation has been shown to be associated with prolonged survival in unresectable intrahepatic cholangiocarcinoma and unresectable pancreatic ductal adenocarcinoma. [18] [19] [20] Despite the acceptable toxicity of higher RT doses in our study, we found that selective escalated RT doses (up to 98 Gy BED) did not significantly benefit patients with unresectable EHCC with regard to increasing OS or FFLP. Unlike intrahepatic cholangiocarcinoma, EHCC is almost always close to bowel, limiting the maximal dose and the dose coverage given to the GTV. Another possible reason why we did not see a positive effect of EDR in our cohort of EHCC is selection bias for EDR in patients with perihilar EHCC ( To our knowledge, this is the largest unresectable EHCC cohort that has been analyzed for the effect of EDR and the cause of death analysis. Ghafoori et al 8 noticed opposite results in their study where most unresectable EHCC patients treated with RT had metastatic rather than local disease progression. However, their cohort was limited to 37 patients. Median OS was reported to be 10-16.5 months in studies focusing on RT in unresectable EHCC. 12, 14, 22 However, our cohort of patients had higher median OS survival (18.7 months). Elevated baseline peripheral NLR indicates systemic inflammation and has been reported to be associated with worse prognosis in several types of cancers. 23 Our data demonstrate that high baseline NLR (>5.3) is associated with shorter FFLP and OS. A recent study has shown similar trends with a slightly lower cutoff (5) for EHCC cases that were resected with a curative intent, but this did not reach statistical significance. 24 An earlier study has shown a lower NLR cutoff (3) that also predicted survival for both advanced and resected cases of perihilar cholangiocarcinoma. 25 Our study shows that RT with or without concurrent chemotherapy is well tolerated for the treatment of EHCC. This is consistent with our previously published results about tolerability of upper abdominal RT with concurrent capecitabine. 26 We observed grade 3+ lymphopenia in patients who received EDR which could be due to chemotherapy or fractionated RT. 27 Recently, IMRT technique is considered as an alternative to 3D conformal RT in upper abdominal malignancies. 28 Despite higher radiation doses with IMRT, we observed lower GI toxicities in patients who received treatment with IMRT, compared to 3D. This is consistent with other studies which demonstrated that IMRT use spares normal tissue and is associated with lower GI toxicities in upper abdominal malignancies. [29] [30] [31] [32] The use of IMRT technique did not compromise local control. Tumor size and distance from nearest GI mucosa were not taken into consideration while analyzing the protective role of IMRT. There are limitations of this retrospective study which we acknowledge. This single-institution cohort study naturally is limited by potential confounding factors. There could be potential selection bias in the pretreatment decisions for escalated dose RT, as well as some missing data in the laboratory results and the reported toxicities, due to the retrospective data collection. Also, local progression was reported based on imaging or clinical reporting of local progression which may not meet Response Evaluation Criteria in Solid Tumors version 1.1. The pre-RT chemotherapy regimens were not standardized in terms of regimen and timing. Despite these limitations, this study is relatively large for this rare tumor type and represents the most comprehensive description of EDR in EHCC.
| CONCLUSION
RT dose escalation to portions of the GTV away from bowel does not appear to benefit patients with unresectable nonmetastatic EHCC. Still, median overall survival in our cohort of patients was better than median OS previously reported in the literature for unresectable EHCC treated with RT. More effective radiation treatment options need to be developed for these patients to achieve higher radiation doses while protecting nearby organs. IMRT is associated with lower rates of acute toxicity compared to 3D techniques. NLR is a readily available indicator of systemic inflammation that may have a role as a prognostic biomarker of EHCC. T A B L E 4 (Continued) 
